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Abstract. Recent results from the AMS-02 data have confirmed that the cosmic ray positron fraction increases 
with energy between 10 and 200GeV. This quantity should not exceed 50%, and it is hence expected that it will 
either converge towards 50% or fall. We study the possibility that future data may show the positron fraction 
dropping down abruptly to the level expected with only secondary production, and forecast the implications of 
such a feature in term of possible injection mechanisms that include both Dark Matter and pulsars. 


Introduction 

Since the publication of their results by the PAMELA col¬ 
laboration [1, 2], the positron fraction i.e. the flux of 
cosmic-ray positrons divided by the flux of electrons and 
positrons, has attracted a lot of interest. Indeed, PAMELA 
observed a raise of this quantity together with the cosmic- 
ray energy between 10 and 200 GeV which has been con¬ 
firmed by AMS-02 [3]. 

The AMS-02 experiment should have the ability to 
measure the positron fraction at even higher energies. 
What ever is the correct explanation for this rise, the 
positron fraction must either saturate or decline. In the 
latter case, how abrupt a decline might we expect? The 
AMS-02 collaboration is prone to explain that a sharply 
falling positron fraction would be a smoking gun for Dark 
Matter (see for instance the AMS-02 press conference 
of September 2014^ or Manuela Vecchi’s presentation at 
SUGAR 2015). In this work we studied whether this affir¬ 
mation was motivated by any solid scientific argument. 

Because stars do not contain anti-matter, positrons, 
like anti-protons or anti-deuterons, that we find in cosmic 
rays, are expected to be produced as secondary particles by 
cosmic ray nuclei while they propagate and interact in the 
interstellar medium (ISM). It is now clear that the increase 
observed in the positron fraction cannot be explained by 
the simplest models of secondary production. Various al¬ 
ternatives have been proposed, such as a modification of 
the propagation model [4, 5], or primary positron produc¬ 
tion scenarios, with pulsars {e.g., 6-10) or Dark Matter 
annihilation {e.g., 11-14) as sources. As of today, it is not 
possible to conclude which explanation is the correct one 
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because they all suffer from theoretical uncertainties and 
because the current data cannot lift degeneracies. Eind- 
ing a way to discriminate among these explanations has 
been looked for by variuos authors (see for instance 15- 
18); here we want to test more specifically the possibil¬ 
ity of a sharp drop of the positron fraction. An original 
aspect of our work is to also convolve our results with 
the cosmic-ray production parameter space for pulsars al¬ 
lowed by theory. We investigate the following question: 
what constraints could we put on Dark Matter annihilation 
and primary pulsar scenarios if the next AMS-02 data re¬ 
lease were to show a sharply dropping positron fraction? 

According the AMS-02 collaboration, a sharp drop can 
only be explained if the positron excess originates from the 
annihilation of Dark Matter particles with a mass of sev¬ 
eral hundred GeV. However, we show here that such a fea¬ 
ture would be highly constraining in terms of Dark Matter 
scenarios. In fact pulsar models could lead to a sharp fall 
of the positron fraction at the cost of some parameter tun¬ 
ing. 

In this proceedings we summarize the results of our 
earlier work [19]; readers interested in the details of the 
method are advised to consult that earlier reference. 

Positron flux morphology 

If it is quite straightforward that the positron flux coming 
from Dark Matter cannot reach energies higher than the 
mass of the Dark Matter particle (or even half this quan¬ 
tity in case of a decaying Dark Matter); if the injection has 
a rather sharp shape like in the case of annihilation into a 
electron-positron pair, one can expects the flux after prop¬ 
agation to be quite sharp too. However, the morphology of 
the positron flux due to a bursting source spatially located. 
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Figure 1. Impact of the distance (left panel) and of the age (right panel) of a pulsar on the positron flux received at the Earth. In order 
to show only the effects of the propagation, the injection energy cut-off has been set to the very high value of 100 TeV for all the cases. 
Continuous, dashed and dotted lines correspond to an injection respectively of cr =1, 1.5 and 2. The fluxes displayed here are corrected 
by a factor to ease the comparison. It clearly appears that distance has little impact on the shape of the flux at high energies. One 
should also note that the flux coming from old pulsars drops more sharply, whatever the distance. 


like a pulsar, can be less intuitive. Figure 1 recalls results 
from [8] and compares the flux of positron coming from 
a single source located 500 pc from us at various times 
after the injection (left panel) or 500 kyr old located a dif¬ 
ferent distances from us (right panel). We make here the 
hypothesis that all the cosmic-rays are released at once, 
for instance at the beginning of the Sedov phase in the 
case of a pulsar interacting with a supervova remnant. The 
spectrum of the cosmic-rays at injection in the interstel¬ 
lar medium is a power-law in energy with an exponential 
cut-off : cx E~^ jEc). 

From Figure 1 , one can see that older sources can give 
a sharper drop at high energy and that the distance af¬ 
fects the low energy part of the spectrum but not so much 
the high energy one. This means that a sharp fall of the 
positron fraction could be due to a relatively old pulsar 
within around 2 kpc from the Sun but not necessarily ex¬ 
tremely close. 

A sharply falling positron fraction 

Let us now consider the hypothesis advertised by the 
AMS-02 collaboration of a sharply falling positron frac¬ 
tion. We have considered two cases with a sudden drop at 
350 GeV and 600 GeV down to the level expected from 
secondaries (computed as in [20]). The first case with a 
drop at 350 GeV is for the discussion’s sake only since 
AMS-02 has now published data up to 500 GeV. Consider¬ 
ing that the low energy part could be explained by far away 
pulsars, we tried to flt the feature of the sharp fall only (the 
eight last bins that appear darker on Figure 2) either with 
a Dark Matter component or with a single bursting pulsar 
for which we have considered three possible values of the 
coefhcient cr: 1.0, 1.5 and 2.0. 


As what can see from Figure 2, a Dark Matter anni¬ 
hilating into a muon pair does not reproduce well a sharp 
fall of the positron fraction if the fall happens at too low 
energy but gives better results if the fraction saturates a lit¬ 
tle before falling. When Dark Matter annihilates into an 
electron-positron pair, the fall is too sharp and it is hard to 
reproduce a fraction that increases slowly and then drops. 
However, all the pulsars cases can give a good flt. 

Note that in ah Dark Matter cases, the annihilation 
cross-sections (or boost factors) required to flt the data 
are very high. This is already known for quite some time 
and raises a large number of issues concerning consis¬ 
tency of such a results with other observations such as 
anti-protons [21], y-rays [22], synchrotron emission [23] 
etc. 

The question is hence, what are the criteria a pulsar 
would have to fulfil to reproduce a sharply falling positron 
fraction. Using a fast semi-analytical method for the prop¬ 
agation of cosmic-ray, we have been able to scan a large 
parameter space. The results of this scan are displayed on 
Figure 3, which shows what ages and distances of the pul¬ 
sar can accomodate the data, for different injection power- 
law (T (columns) and different propagation parameter sets 
(lines). The dark area represents paramteres giving a good 
flt (y^/dof < 1) whereas lighter colors correspond to 2cr 
contours. Purple and yellow dots are sources from respec¬ 
tively the ATNF [24] and Green [25] catalogues. 

One can see that for ah values of the power-law param¬ 
eter cr it is possible to reproduce a sharply falling positron 
fraction but that cr = 2 gives a good flt only for a relatively 
small parameter space, that can be considered as fine tun¬ 
ing. The intuition we had from Figure 1 is confirmed, the 
flt procedure prefers a given age but does not care very 
much about the distance of the source to the Sun. Also, 
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Figure 2. Best fit fiuxes for the max parameter set. Upper panel for a positron drop at 350 GeV, lower panel at 600 GeV. Data up to 
350 GeV is from AMS-02 [3], above this energy, the bins are mock data. The lines correspond respectively to Dark Matter annihilating 
into e^e~ or {jl^iT or to a pulsar with injection spectrum parameter of 1, 1.5 or 2. Note that for the pulsar cases, a smooth distribution of 
far away pulsars, with the same injection spectrum (but a lower cut-off) has been added to reproduce the data at intermediate energies 
(10 to 150 GeV). 
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Figure 3. Energy cut-off at injection (top) and total energy going 
to cosmic-ray (bottom) for an injection spectrum cr - The left- 
hand panels correspond to the min case and a drop at 350 GeV, 
whereas the right-hand panels are for a drop at 600 GeV and the 
max propagation parameters. 


what is important to note is that there are actually a cou¬ 
ple of existing sources that are with the correct age and 
distance parameters. 

One cannot conclude anything without also perform¬ 
ing an analysis of the energetics involved. For each point 
of our scan we have computed the amount of energy the 
source would have to inject into cosmic-rays to give the 
correct flux at the Earth today. This estimates cannot be 
extremely precise and depends on the assumptions made 
for the lowest and highest energies of the cosmic-rays con¬ 


sidered, however the values we And amount to around 5 to 
10% of the progenitor supernova ejecta energy. The fur¬ 
ther the source, the higher the fraction of energy that has 
to go into cosmic-rays. Our parameter scan favours a rela¬ 
tively old (a few hundred kyr old) close-by source (within 
~ 1 kpc), capable of supplying at least 6tot ~ 1047 48 
into electrons and positrons, accelerated with a hard spec¬ 
trum. The discussion concerning the production of such 
cosmic-rays by a pulsar cannot At in these short proceed¬ 
ings but the interested reader can refer to [19]. 

AMS-02 has also published some limits on the 
anisotropy of the positron ratio (positron flux divided by 
negative electron flux). Let us first stress that it is surpris¬ 
ing to choose to work with this quantity. Indeed, if there 
were only a single source of electrons and positrons in 
the sky, even though most cosmic-rays would come from 
the same direction, this quantity would be equal to zero 
since both electrons and positrons would have the same 
anisotropy. Since electrons are dominating over positrons 
this quantity is only 20% smaller than the individual fluxes 
anisotropies but if the fraction were to increase, this could 
be problematic. Anyway, we have also computed the 
anisotropy one would get from a single pulsar responsi¬ 
ble for the positron fraction and never found a value that 
was excluded by the data. An estimate of the positron flux 
anisotropy A can be read from Figure 3 (dashed lines). 

Most of the parameter space for pulsars compatible 
with a sharply falling positron fraction is hence compatible 
with everything we know about cosmic-rays and pulsars. 

Conclusion 

Though the idea that a sharply falling positron fraction 
would be a proof of Dark Matter is advertised widely by 
the AMS-02 collaboration, we show here that this is of 
course not the case. In the contrary, pulsars could explain 
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such a feature in a much more natural way than Dark Mat¬ 
ter. However this does not mean that the question is not 
interesting and one could learn a lot about pulsars if in¬ 
deed such an unlikely feature were to be observed in the 
near future. 

More precisely, if we really were to observe a sharply 
falling positron fraction, this would actually teach us 
that only few pulsars can accelerate electron and positron 
cosmic-rays. We would then have to understand what are 
the conditions that make that pulsars can inject cosmic- 
rays or not. Also, depending of the energy at which the 
fall is taking place, we could actually determine the age 
of the pulsar responsible for the feature and look for it in 
the catalogues and in the sky, allowing to observe more 
closely the few candidate sources. Finally, by giving us 
some indication on the injection, this may also help un¬ 
derstand what is the precise mechanism that allows these 
pulsars to inject electron-positron pairs in the interstellar 
medium. 

A sharply falling positron fraction is quite unlikely but 
if it is observed it would be exciting. Not for the reason 
that this would prove anything about Dark Matter but be¬ 
cause this could potentially teach us a lot about pulsars and 
cosmic-ray acceleration mechanisms. 


The slides of this presentation are available on¬ 
line http://www.fysik.su.se/'-tdela/SUGAR_2015.html 
This work was supported in part by ERC project 267117 
(Dark Matters) hosted by Universite Pierre et Marie 
Curie—Paris 6. K.K. acknowledges financial support 
from PNHE and ILP. 
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